Objectives: To determine the rate, etiology, and timing of unplanned and planned hospital readmissions and to identify risk factors for unplanned readmission in children who survive a hospitalization for trauma. Design: Multicenter retrospective cohort study of a probabilistically linked dataset from the National Trauma Data Bank and the Pediatric Health Information System database, [2007][2008][2009][2010][2011][2012]. Setting: Twenty-nine U.S. children's hospitals. Patients: 51,591 children (< 18 yr at admission) who survived more than or equal to a 2-day hospitalization for trauma. Measurements and Main Results: The primary outcome was unplanned readmission within 1 year of discharge from the injury hospitalization. Secondary outcomes included any readmission, reason for readmission, time to readmission, and number of readmissions within 1 year of discharge. The primary exposure groups were isolated traumatic brain injury, both traumatic brain injury and other injury, or nontraumatic brain injury only. We hypothesized a priori that any traumatic brain injury would be associated with both planned and unplanned hospital readmission. We used All Patient Refined Diagnosis Related Groups codes to categorize readmissions by etiology and planned or unplanned. Overall, 4,301/49,982 of the patients (8.6%) with more than or equal to 1 year of observation time were readmitted to the same hospital within 1 year. Many readmissions were unplanned: 2,704/49,982 (5.4%) experienced an unplanned readmission in the first year. The most common reason for unplanned readmission was infection (22%), primarily postoperative or posttraumatic infection (38% of readmissions for infection). Traumatic brain injury was associated with lower odds of unplanned readmission in multivariable analyses. Seizure or RBC transfusion during the index hospitalization were the strongest predictors of unplanned, earlier, and multiple readmissions. Conclusions: Many survivors of pediatric trauma experience unplanned, and potentially preventable, hospital readmissions in the year after discharge. Identification of those at highest risk of readmission can guide targeted in-hospital or postdischarge interventions. (Pediatr Crit Care Med 2018; 19:e31-e40) Key Words: brain injuries; critical care; patient readmission; pediatric; traumatic P ediatric trauma is a major public health problem and the leading cause of death in children between 1 and 14 years old (1). Despite the significant number of deaths, more than 95% of children survive their episode of trauma (2, 3). However, many survivors have ongoing morbidities including cognitive, physical, mental health, quality of life, and family functioning impairments (4-11). Under-recognition of these morbidities may lead to unmet healthcare needs that result in unplanned hospital readmissions (12). These unplanned healthcare visits and admissions are costly and disruptive to patients and their families (13, 14) . Although some visits are likely related to unmodifiable patient and injury characteristics, a proportion of these visits may be preventable (5).
1 year of observation time were readmitted to the same hospital within 1 year. Many readmissions were unplanned: 2,704/49,982 (5.4%) experienced an unplanned readmission in the first year. The most common reason for unplanned readmission was infection (22%), primarily postoperative or posttraumatic infection (38% of readmissions for infection). Traumatic brain injury was associated with lower odds of unplanned readmission in multivariable analyses. Seizure or RBC transfusion during the index hospitalization were the strongest predictors of unplanned, earlier, and multiple readmissions. Conclusions: Many survivors of pediatric trauma experience unplanned, and potentially preventable, hospital readmissions in the year after discharge. Identification of those at highest risk of readmission can guide targeted in-hospital or postdischarge interventions. (Pediatr Crit Care Med 2018; 19:e31-e40) Key Words: brain injuries; critical care; patient readmission; pediatric; traumatic P ediatric trauma is a major public health problem and the leading cause of death in children between 1 and 14 years old (1). Despite the significant number of deaths, more than 95% of children survive their episode of trauma (2, 3) . However, many survivors have ongoing morbidities including cognitive, physical, mental health, quality of life, and family functioning impairments (4) (5) (6) (7) (8) (9) (10) (11) . Under-recognition of these morbidities may lead to unmet healthcare needs that result in unplanned hospital readmissions (12) . These unplanned healthcare visits and admissions are costly and disruptive to patients and their families (13, 14) . Although some visits are likely related to unmodifiable patient and injury characteristics, a proportion of these visits may be preventable (5) .
The 1-year hospital readmission rate in adult trauma patients is 21-25% (15) (16) (17) . Higher injury severity, preinjury comorbidities, and low socioeconomic status are associated with greater readmission risk in adults (12, 15, 16, 18, 19) . Adult and pediatric trauma differs in regard to mechanism, type of injury, and patient-specific factors (12, 20, 21) . Additionally, care networks and postdischarge resources differ significantly and are likely to influence readmission rates (22) .
With the exception of index PICU hospitalization, risk factors for hospital readmission have not previously been described in a large, multicenter cohort of pediatric trauma (23) . Addressing this knowledge gap is a necessary step to shape interventions aimed at decreasing ongoing morbidity after pediatric trauma and reducing the postinjury burden this places on patients, their families, and the healthcare system. The goals of this study are to determine the rate, etiology, and timing of both planned and unplanned hospital readmissions and to identify risk factors for unplanned readmission in children who survive a hospitalization for trauma.
MATERIALS AND METHODS

Index Cohort
Pediatric Health Information System. The Pediatric Health Information System (PHIS). database is a benchmarking and quality improvement database containing inpatient data from more than 45 U.S. children's hospitals and more than 500,000 discharges per year (24) . PHIS contains administrative data, diagnoses, and procedures as well as utilization information for pharmacy, imaging, laboratory, supply, nursing, and therapy services (25) . PHIS data are subjected to extensive reliability and validity checks and data quality monitoring (26, 27) . The notable strengths of the PHIS database for this study are 1) information about utilization of medications and treatments and 2) a unique identifier for each patient at each hospital, making longitudinal identification of readmissions at the same hospital possible (22) .
National Trauma Data Bank. The National Trauma Data Bank (NTDB) contains standardized trauma registry data from more than 3 million admissions at 900 trauma centers in the United States (28) . The NTDB also has an extensive continuous data quality improvement process (28) . The NTDB contains no protected health information but does contain the Glasgow Coma Scale (GCS), necessary to categorize the severity of traumatic brain injury (TBI) and other important injury severity measures such as the Abbreviated Injury Scale (AIS) scores and the Injury Severity Score (ISS).
Dataset Linkage. The linkage method has been reported in detail (29) . Briefly, we applied Markov chain Monte Carloaugmented probabilistic linkage to records of injured children (< 18 yr old at admission) in the PHIS and NTDB databases. We validated the accuracy of the linkage using identified data from a single center that submits to both databases. The original linkage was 2007-2010, and the same methods were applied to data from 2011-2012 to create the 2007-2012 cohort for this study.
The current cohort included children who 1) were less than 18 years old at discharge from the index hospitalization, 2) had index length of stay greater than or equal to 2 days, and 3) had nonmissing GCS and index hospitalization disposition. Traumatic injury was defined using standard International Classification of Diseases, 9th Edition, Clinical Modification diagnosis codes (any of 800-959.99 or 995.5x except 905-909, 910-924, and 930-939). We excluded children who were transferred to another acute care facility, left against medical advice, or were discharged to hospice. Using that approach, 83% of eligible children in the NTDB linked accurately. The study was approved by the Colorado Multiple Institutional Review Board.
Exposure Groups. Index hospitalization injury type was categorized as isolated TBI (only TBI), both TBI and other injury (TBI + other), or non-TBI injury only (non-TBI). This categorization was based on body region AIS scores. In this way, we followed Centers for Disease Control recommendations that the appropriate control group for children hospitalized after TBI is not children hospitalized for noninjury reasons, but rather children hospitalized after trauma that does not include TBI (30) .
Statistical Analyses
The primary outcome was unplanned readmission within 1 year of discharge from index hospitalization. Secondary outcomes included any readmission (unplanned or planned) within 1 year of discharge, reason for readmission, time to readmission, and number of readmissions within 1 year of discharge. We used All Patient Refined Diagnosis Related Groups (APR-DRG) codes (present in the PHIS database) to categorize the readmissions as likely planned or unplanned and to categorize the primary etiologies of each readmission (eTable 1, Supplemental Digital Content 1, http://links.lww.com/PCC/A555). For time to readmission analyses, subjects without an unplanned readmission were censored on the earlier of their 18th birthday or September 30, 2015.
We used the chi-square test to compare categorical variables, the two-sided t test for continuous variables, and the Wilcoxon rank-sum test to compare durations.
Models. We evaluated unplanned and any 1-year readmission using multivariable logistic regression models. These models also allowed us to identify index hospitalization patient, injury, and treatment characteristics that were predictors of readmission. We used accelerated failure time (AFT) models to evaluate time to readmission and Poisson regression models to evaluate the number of readmissions within 1 year of discharge. The models evaluating the odds of any readmission (logistic) and counts of readmissions (Poisson) within 1 year were based on those patients who had at least 1 full year of observation after the index discharge. The "time to readmission" AFT models used the whole cohort with an observation period until the earlier of the subject's 18th birthday or September 30, 2015. Planned and unplanned readmissions were not evaluated as competing risk events when we analyzed unplanned and planned readmissions, respectively. As sensitivity analyses, we fit separate logistic models for unplanned and any 1-year readmission among the three injury subgroups.
Candidate Predictors. The following index hospitalization variables were a priori selected for inclusion in every model: age, sex, exposure group (only TBI, non-TBI, and TBI + other), injury mechanism, head/neck AIS score, ISS, intracranial pressure (ICP) monitor placement, craniotomy/craniectomy, seizure, cardiac arrest, packed RBC (pRBC) transfusion, days of exposure to benzodiazepines, narcotics, neuromuscular blockade, and inotropes/vasopressors, ICU admission, hospital length of stay (LOS), and discharge disposition (31).
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RESULTS
Index Cohort
The index cohort included 51,591 children admitted to 29 hospitals in 19 states who survived their hospitalization after trauma. The median (interquartile range [IQR]) age of the cohort was 9 years (4-13 yr) ( Table 1) . As is typical of trauma cohorts, 64% were male patients. Patient and injury characteristics by exposure group (only TBI, non-TBI, and TBI + other) are shown in Table 2 . The cohort included 16,181 children (31.4%) with TBI, which represents approximately 10% of U.S. pediatric hospitalizations after TBI during 2007-2012. In our cohort, 26.6% of subjects had TBI only, 4.8% had both TBI and other injuries, and 68.6% had non-TBI injuries.
Readmissions
Overall, 49,982 (96.9%) of the patients had at least 1 year of observation time. Of those, 4,301/49,982 (8.6%) had more than one readmission, planned or unplanned, within 1 year of discharge from their index hospitalization. 
Index hospitalization events, n (%) Unplanned Readmission Within 1 Year. Many readmissions were unplanned: 2,704/49,982 (5.4%) experienced an unplanned readmission in the first year after discharge. Those readmitted tended to be younger, P value of less than 0.001 (Table 1) . The primary outcome did not vary with gender, P value equals to 1.000. Readmission within 1 year was more likely among children with inflicted injury, higher injury severity, and longer hospital LOS, all P value of less than 0.001. In univariable analyses, children with any TBI were more likely than children with other trauma to have an unplanned readmission within 1 year, P value of less than 0.001. Unplanned readmission within 1 year of discharge accounted for 2,704 (62.9%) of all readmissions.
Reasons for Readmission. Overall, the most common etiologies for each patient's first unplanned readmission were 1) infection (22.3%); 2) abdominal, gastrointestinal, or genitourinary diagnoses (12.9%); and 3) mental health or substance use problems (9.4%) (Fig. 1) . Interestingly, seizures were the second most common etiology for both the non-TBI and TBI + other exposure groups.
Of the 1,075 children whose first unplanned readmission was due to an infection, the "postoperative/posttraumatic infection" APR-DRG category was the most common etiology and accounted for 38.0% of infectious readmissions (eFig. 1, Supplemental Digital Content 2, http://links.lww.com/PCC/ A556; legend, Supplemental Digital Content 1, http://links. lww.com/PCC/A555). That was also true in the TBI + other (32.8%) and non-TBI (44.5%) exposure groups. Among children with isolated TBI, respiratory viral illness was the most common etiology (29.7%) with postoperative/posttraumatic infection the second most common (24.7%).
Time to Readmission. For the 7,008 subjects who had a readmission, the median (IQR) time to any readmission was 178 days . The median (IQR) time to unplanned readmission was 208 days . Figure 2 shows the cumulative probability of any readmission, planned readmission, and unplanned readmission over the first year after discharge, stratified by exposure group (non-TBI, only TBI, or TBI + other). Children in the TBI + other exposure group were readmitted earlier than the TBI only and non-TBI groups (median, 103 vs 175 vs 189 d; P < 0.001).
Multiple Readmissions. Of those with a full year of observation time, 715/49,982 (1.4%) had more than one unplanned readmissions in the first year. Similarly, 1,118/49,982 (2.2%) experienced two or more readmissions for any reason, planned or unplanned.
Multivariable Models Logistic Model of Unplanned Readmission Within 1 Year.
In a multivariable logistic model, the independent index hospitalization predictors of 1-year unplanned readmission were older age, inflicted injury, more severe head injury, seizure, pRBC transfusion, ICU admission, longer hospital LOS, and disposition to home with services or to a long-term care facility ( Table 3) . Seizure and pRBC transfusion were the two strongest individual predictors of 1-year unplanned readmission. Interestingly, in this multivariable model, TBI was associated with lower odds of unplanned readmission and neurosurgic procedures (ICP monitoring, craniotomy/ craniectomy) were not associated with unplanned readmission. Multivariable logistic models by exposure group (non-TBI, only TBI, and TBI + other) for unplanned and any readmission within 1 year of discharge are reported eTables 3-5 (Supplemental Digital Content 1, http://links.lww.com/ PCC/A555).
Logistic Model of Any Readmission Within 1 Year. In the logistic model for any 1-year readmission, the independent predictors were similar to those from the 1-year unplanned readmission model (Table 3) . Notably, craniotomy/craniectomy was associated with readmission in the any readmission model. This is not unexpected because some children who receive cranial surgery may require a planned readmission for bone flap and/or a plate insertion. AFT Model for Time to First Unplanned Readmission. We used a multivariable AFT model to estimate the time to first unplanned readmission (Table 3) . Larger acceleration factor point estimates indicate a longer time to first unplanned readmission. Independent predictors of earlier unplanned readmission were older age, inflicted injury, more severe head injury, seizure, pRBC transfusion, fewer days of benzodiazepines and narcotics, ICU admission, longer hospital LOS, and discharge disposition other than home without services. Again, seizure and pRBC transfusion were the two strongest independent predictors of earlier unplanned readmission. Children who had seizures have an expected median time to unplanned readmission of 0.14 (0.11-0.18) times as long as those who did not seize during the index admission. Compared to the logistic models, exposure group was not as strong of a predictor and benzodiazepine, and narcotic exposure variables were significant in this model.
AFT Model of Time to First Overall Readmission.
Using a similar approach, we estimated predictors of earlier overall readmission (Table 3 ). Key differences from the unplanned readmission AFT model included associations between TBI (exposure group), craniotomy/craniectomy, and more neuromuscular blockade exposure with earlier readmission.
Poisson Model of Multiple Unplanned Readmissions. Overall, 715 patients (1.4%) experienced more than one unplanned readmission in the first year after hospital discharge. In a multivariable Poisson model, seizure, pRBC transfusion, and discharge disposition other than home without services were the strongest predictors of multiple unplanned readmissions (eTable 2, Supplemental Digital Content 1, http://links. lww.com/PCC/A555). Using mean ratios, we estimated the number of unplanned readmissions within 1 year for children with various characteristics (eTable 2, Supplemental Digital Content 1, http://links.lww.com/PCC/A555). Those who had a seizure during the index hospitalization, for example, were estimated to have 2.65 times as many readmissions in the first year as those who did not.
Sensitivity Analyses. In logistic multivariable models for 1-year unplanned and any readmission among the three injury subgroups (rather than models including the injury group Poisson Model of Multiple Overall Readmissions. We also estimated predictors of multiple overall readmissions. The overall Poisson model was largely similar to its unplanned readmission counterpart. As expected, craniotomy/craniectomy was associated with multiple overall readmissions. Interestingly, compared with other types of trauma, TBI was associated with a lower likelihood of multiple readmissions in this multivariable model.
DISCUSSION
In this multicenter retrospective cohort study, we found that 8.6% of children who survive a 2-day hospitalization for trauma are readmitted in the first year after discharge and 5.4% have an unplanned readmission. Contrary to our hypothesis, after controlling for patient, injury, and clinical course characteristics, TBI was associated with lower odds of readmission. We report a striking association between seizures during the index hospitalization and readmission, more frequent readmissions, and earlier readmission. Additionally, we found a strong association between pRBC transfusion during the index hospitalization and an increased risk of readmission that was independent of injury severity and hospital LOS.
The 1-year readmission rate (8.6%) in this pediatric cohort is lower than the 21-25% reported in the adult literature (15) (16) (17) . We hypothesized that children experiencing TBI, alone or in conjunction with other injuries, would be at highest risk of readmission in the year after discharge. However, the presence or absence of TBI only modestly affected the child's risk of readmission in multivariable analyses. This finding is contrary to reports of older adult trauma victims in whom one of the strongest predictors of readmission is severe head injury (17) . We speculate that the differing impact of TBI on readmission could be due to a higher proportion of nonsevere head injury in our cohort. Alternatively, it may be reflective of differences in postdischarge support structures or the maturation-associated response to injury.
We also evaluated the reason for readmission. We found infection to be the most frequent cause of unplanned readmission for both the TBI and non-TBI exposure groups. The proportion of pediatric readmissions caused by infection (22.3%) Figure 2 . Timing of first readmission. Cumulative probability of readmission and density plot. Proportion of patients with readmission (any, planned, and unplanned) and cumulative probability of readmission (any, planned, unplanned) based on exposure group (only traumatic brain injury [TBI], non-TBI trauma only, and TBI + other injury). Censored events have been omitted from the graphic for clarity. We used logistic regression with reported odds ratios (95% CIs) and accelerated failure time (AFT) with reported acceleration factors (95% CIs) models to determine variables independently associated with 1-yr unplanned readmission and shorter time to readmission, respectively. Acceleration factor point estimates < 1 indicate a shorter time to first readmission as compared to the reference group. For example, the median time to first unplanned readmission in subjects who had a seizure was 0.14 times the median time to unplanned readmission in those who did not have a seizure. Boldface values indicate significance at the 0.05 level.
Pediatric Critical Care Medicine www.pccmjournal.org e39 exceeds that reported in the adult literature (1.5-14%) (12, 16, 32) . This is not unexpected given that infection, most often respiratory, is the most frequent reason for hospitalization in childhood (33) . Additionally, the subset of children within our cohort who develop neurologic (such as seizures) or neuromuscular chronic conditions as a result of their trauma may be at higher risk of hospitalization and complications from respiratory infections due to impaired airway protective reflexes, restrictive lung disease due to ineffective chest expansion, chronic pulmonary injury due to microaspiration, or lung injury incurred during their injury or during mechanical ventilation postinjury. We also found that postoperative and posttraumatic infections cause 33-45% of unplanned readmissions for infection. Importantly, we found that a particularly high proportion of the non-TBI injury group (14.3%) experienced an unplanned readmission for postoperative and posttraumatic infection. These infectious readmissions may be preventable with improved in-hospital or postdischarge infection prevention interventions (e.g., immunizations to reduce vaccine-preventable diseases) or education (e.g., hand hygiene). The third most common etiology for readmission in our cohort was mental health and substance abuse. This is not unexpected given the high rate of admission for psychiatric illness in children and the known association between injury and subsequent mental health disorders (34) . However, hospitalization after trauma may serve as a first exposure to the healthcare system. When the mental health disorder may have preceded or even caused the injury, the trauma hospitalization is an opportunity to diagnose these illnesses and ensures adequate access to mental and home health services as a way to prevent future hospitalizations (33) .
In every model we tested, we found a strong association between seizures during the index hospitalization and unplanned, early, and frequent readmissions. Particularly in young children, brain injury often manifests clinically as seizure activity. Our group recently characterized the frequency of seizure diagnosis in children admitted with severe TBI and reported that 36% of children younger than 2 years old have seizures during their hospitalization for severe TBI (35) . This young age group is known to have the highest burden of nonaccidental trauma. Inflicted injury is an independent predictor of 1-year unplanned readmission and most commonly occurs in the TBI only subset of the population. (eTable 4, Supplemental Digital Content 1, http://links.lww.com/PCC/A555) Our current findings suggest that seizures during the index hospitalization are associated with an increased health burden that extends after discharge. We hypothesize that the seizure diagnosis may be a proxy for development of a chronic neurologic condition resulting from their injury. Chronic neurologic injury has been identified separately as a primary predictor of readmission in hospitalized children using the complex chronic condition (CCC) rubric (22) . Although the CCC rubric may allow for identification of children with chronic neurologic injury during subsequent healthcare visits, the characteristics identified in our study provide a way to identify these children earlier in their hospital stay, allowing for more directed interventions during their hospitalization and discharge planning. The strong association between seizure diagnosis and readmission suggests that providers should be alert for seizures in children after trauma and consider a low threshold for electroencephalogram monitoring (36) .
The independent and strong association we found between pRBC transfusion and readmission suggests that blood transfusion may have negative effects on injured children that can persist after hospital discharge. Muszynski et al (37) have described clinical evidence of transfusion-related immune modulation in injured children. We hypothesize that this phenomenon could function to place these injured children at increased risk of severe infection or impaired healing, resulting in a higher risk of readmission.
Our analysis has several important limitations. We examined each individual APR-DRG code to classify readmissions as planned or unplanned. However, we are unable to validate the true planning status of each readmission. Therefore, the percentage of unplanned readmissions may be over-or underestimated. Additionally, we grouped the codes into diagnosis categories in order to describe and interpret the results. However, although the overall etiology categories are unlikely to change significantly, variations in groupings may have yielded alterations in the findings. We are also limited in our ability to interpret a more specific etiology of the infectious readmissions due to the lack of speciation data within our dataset. Additionally, we can only track readmissions at the same hospital. Therefore, our rate estimates are likely to be conservative. It is known that 86% of all U.S. pediatric readmissions occur at the original admission hospital (38) . In addition, children with injury diagnoses and those cared for at urban teaching hospitals (as nearly all of the 29 linked hospitals are) have among the lowest rate of different-hospital readmission (38) .
CONCLUSIONS
Both planned and unplanned readmissions significantly disrupt family functioning and incur a burden on the healthcare system. Although we are unlikely to be able to prevent planned readmissions, we can identify subjects at highest risk of unplanned, and potentially preventable, readmission for targeted in-hospital or postdischarge interventions. Discharge and follow-up care interventions are effective in decreasing hospital readmission rates in pediatric and adult populations and may prove to be similarly effective in pediatric trauma (39, 40) . Further studies are needed to evaluate patient-level interventions and additional readmission characteristics in children at high risk of readmission. The mechanisms that link seizures and blood transfusion to readmission are important to further investigate.
